The present report deals with the description of the distribution of the red raylets in populations of Heliconius erato phyllis living in the South of Brazil (Parque Florestal Estadual do Turvo, State of Rio Grande do Sul). This was done during a period of one and a half years. Great variability was observed in the distributions of sub-populations along two little roads inside the forest. Nevertheless, in only two comparisons significant results were obtained. Estimates of heritabilility of the red raylets were done by the methods of regression and analysis of variance: the former was O74 and the latter, 1'09; the reasons for such discrepancy are discussed. A consideration of marginal and central populations is brought about by the comparison of this study with a previous one made in a different locality of the State of Rio Grande do Sul.
INTRODUCTION
The evolutionary importance of quantitative characters in natural populations due to their rapid response to ecological conditions, was stressed by Ford (1975) . As ecological genetics aims to study the adaptation of populations to their environment such characters would be very useful, since the variability could be detected and analysed with living organisms. As far as lepidoptera populations are concerned, few studies were done, the exception being the satyrid Maniola jurlina. From the pioneering work of Dowdeswell et aL, (1949) , up to Brakefield (1979; see also 1982a, b) , the number of spots in the hindwings were studied regarding their distribution, genetics, and evolution in island and continental populations. Species phylogenetically related to jurtina were also studied by Frazer and Willcox (1979) .
As for tropical butterflies, Owen (1971) dealt with the genus Acraea in Africa and the distribution of a series of spots in both wings. In the Neotropics, the genus Heliconius has received great attention by several workers (see reviews in Brown, 1981 and Turner, 1981) . Variation in a quantitative trait was first noticed by Emsley (1964) in the East Brazil race H. erato phyllis: small red raylets, which can vary from 1 to 6, occasionally 7, below the hindwing yellow bar ( fig. 1 ) mainly visible on the ventral surface (Saalfeld and Araüjo, 1981) . The genetics of the colour patterns was studied by Sheppard et a!., (in press); however, in regard to the inheritance of the red raylets they refer: "We have not studied these in detail... . It may be that this is a single, recessive allele, polymorphic in the East Brazilian subspecies" (pp. 155, manuscript). Saalfeld and Araüjo (1981) reported a bimodal distribution for the red raylets in a natural population (modes in 3 and 5 raylets) inhabiting a marginal environment near Porto Alegre, Rio Grande do Sul. This finding stimulated us to proceed investigating the trait to answer the following questions: (i) is the trait under genetic control? Is it simple or polygenic? (ii) What is the shape of the distributions in a central environment? The present work describes the variability found in a central population of Heliconius erato phyllis as well as estimates of the heritability of the red raylets by the methods of regression and analysis of variance.
MATERIALS AND METHODS
A total of 1167 imagos were studied in nature by the capture-recapture method and 325 were reared in an insectary. All field work was done in the Parque Florestal Estadual do Turvo (PFET) by means of visits made there each three months, from July 1979 until February 1981. PFET is a nature reserve distant about 500 km from Porto Alegre, Rio Grande do Sul (fig. 1 ); it has co-ordinates 27°-27°20' S and 53°40'-54°10' W. Its northern geographical limits are Republica Argentina and the Brazilian State of Santa Catarina through river Uruguai over a distance of 45km (Piano de Manejo do PFET, 1980) . The climate is subtropical temperate and the region is considered to represent a "hot winter" (the minimum mean is 11°C and the maximum mean 23°C, from June to August) (Buriol et al., 1979) . The vegetation is of the type Continental Subtropical (Irgang, 1980) . Two roads have been studied: the first one (A), inside the forest with 9 km, having sub-populations of H. erato concentrated in kilometers 2, 3, 4, 6, 75 and 9. The second one (B), also inside the forest with 16km, having sub-populations in the kilometers 45, 6, 13 and 16 (this road, being longer than A was not sampled in its total extension, instead, some places were selected). The butterflies were captured using conventional nets, marked, scored for the red raylets and released.
In the insectary we got a total of 20 crosses, but only 9 could be used in the analysis since the remaining 11 showed a small number of descendants (less than 14) mainly due to the premature death of the ovipositing female ( fig. 2 ). Each female was put to lay eggs in chambers containing the host plant and flowers for the adults as well as plants to make the environment suitable to the butterflies; food was supplemented sometimes by a mixture of honey and water (1:9). Four chambers were available, two of them measuring 3.2OmX2.4OmX2.80m and the other two 350mX2.OOmX 2•O0 m; in none was there control of temperature. Eggs were collected daily and transferred individually to plastic vials since caterpillars are cannibalistic. Selected emerged adults were used in the crosses, especially those with contrasting numbers of raylets. The estimates of heritability (h2) were done using two methods: the first is based on a linear regression of the number of red raylets in the offspring in relation to their parents. As greater accuracy in the calculation of h2 could be obtained if separate regressions were made considering the combinations mother-offspring, father-offspring and parents-offspring, three coefficients of regression were used, each being calculated by considering_the averages of the number of raylets in the above combinations. So, if G is the average of the number of raylets in both parents, F the average in the offspring, F, the actual number in the father and M, the actual number in the mother, the heritability can be expressed as a weighted mean (Beiguelman, 1977):
where I is the inverse of the respective coefficient of regression (invariance). The second method utilises the analysis of variance, the value of h2 being calculated after the procedure adopted by McWhirter (1969) . As this method assumes the absence of inbreeding, two crosses were excluded from the analysis.
RESULTS
(i) Distribution of the red raylets Table 1 shows the distribution of the red raylets in butterflies captured along road A and table 2 along road B, from July 1979 to February 1981 as well as the sample size, mean and standard deviation of the trait. The 
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a proportion of 65 to 91 per cent descendants with high number of raylets, the exception being cross VIII whose parents are brother and sister.
To test the equality of means in the offspring of the crosses an analysis of variance was performed, excluding crosses VIII and IX due to consanguinity of parents (table 4) . A highly significant difference was obtained between crosses; a greater decomposition of the mean square between showed that only crosses IV and V had equal means.
A NS not significant.
The heritability estimated by the regression has given a value of 074
(bçp-01924; bFM=O36l9; bm =16O96). When the ANOVA was employed, the value was lO9; the reasons for such a discrepancy can probably be ascribed to the assumptions used in the model.
Discussior The present report deals with the variability of the red raylets in
Heliconius eratophyllis inhabiting a subtropical area of Brazil ( fig. 1) . Tables   1 and 2 (see also fig. 4 ) summarise the distribution of that trait including its mean and standard deviation. Males and females showed no significant differences as was previously reported by Saalfeld and Araüjo (1981) . Both sexes were therefore pooled in the analysis.
A single significant difference in space was obtained, namely along km 2, km 4 and km 7 (road A-Jan! 80). Considering that such populations have small effective sizes (Oliveira and Aradjo, in preparation), this difference could be due to the action of random genetic drift. The similarities in the remaining distributions could be explained by a small amount of gene flow between subpopulations, since each place was not separated by distances greater than 2 km (with two exceptions, including the one just cited). Although H. erato is referred to as having low values of dispersal (about 200 m for H. erato hydara -Turner, 1971 ; 500 m for H. eratopetiverana- Benson, 1981) , our data indicate that some individuals can fly distances far greater than 1 km (from 136 butterflies recaptured-this study-3 per cent had travelled distances varying from 2 to 5 km).
Temporal differences are more difficult to explain since no cyclic tendencies were observed. There are some indications, however, that the means for the cold season (July and October in the present study) are slightly lower than those for the hot season (January, February and April). We are not able, at present, to infer any direct action of the environment on the raylets distributions. As shown in fig. 4 fig. 3 indicates that the genetic control of the red raylets is not a simple one. As formerly stated an increase in the number of raylets in one parent is followed by a corresponding Jul/80
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Oct/80 increase in the proportion of the offspring with high number of raylets. This fact, together with the similarity between the means of parents and offspring suggest the action of more than one locus with additive effects. We tried to fit the data to models of two and three loci without success. It would be interesting indeed to test if phenotypes 1 or 6/7 raylets are the corresponding homozygotes for a polygenic system. A suggestion that this could be true comes from the nonsignificant results obtained in the analysis of variance for crosses IV and V (reciprocals). In any case, we believe that our findings do not conflict with those from Sheppard et a!., (in press) in which a single gene is proposed for the presence/absence of raylets. The estimates of heritability by the methods of regression and analysis of variance are not in perfect agreement. The former, using weighted average of regression coefficients gave a value of 074; perhaps a more realistic estimate could be obtained if all possible combinations between male and female were used, since we got a great variability in the coefficients of regression, from negative to above one.
The value obtained by the analysis of variance was 1 O9, which is certainly an overestimate. This can be caused by some simplifying assumptions employed in the model, such as the absence of non-heritable components of the variation within and between, as well as that due to common environment of parents-offspring. It is difficult to quantify such components but in the present study they are probably different from zero, since some males used in the crosses came from the wild and/or by the fact that the offspring has not been reared in standardised conditions (temperature, humidity). This same trend was reported by McWhirter (1969) when he estimated the heritability of spot-number in Maniola jurtina.
